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ha{)pch'd about the Time of the natural Birth, the 
Child then muft have continued alive fome confi- 
derable Time afterwards, during which thcfe bony 
Excrefcences were formed i there being a perfeft 
Ofllfication, as performed by the Laws of Circula- 
tion, and not by any vegetative or petrifying Power, 
as in inanimate Bodies. 

Two or three of the lateral Procefles of the Spine 
were what firft paffed thro' the little Ulcer $ the reft of 
the Bones (except a few that were loft in cleaning) were 
prefented by the Doftor to the Mufeum of the Royal 
Society. They retain a very ftrong and lingular 
Smell, though they were immediately cleanfed from 
the rotten Flefh, and well waflied. 

The Woman came by Sea to Stockholm above a 
Year after this Cure, and was prefented to the Jlca- 
demy in good Health 5 and the Doftor believes ftic 
is ftilL alive and welh 



II. I7)e Motion <^ Projediles near the EartFs 
Surface confiderdy independent of the Pro-^ 
perties of the Conic Sections ; in a Letter 
to Martin Folkes Efquire^ Pr. R. S. hy 
Mr. Tho. Simpfon F. R. S.* 

Read Feb. 4. A FTER fo much as has been already 

^'^^''^ XJl f^i^ ^po^ ^^^ Motion of Projeftiles 
in vatuOy it may feem needlefs to attempt any thing 
further on that Head 5 neverthelefs, as a thorough 
Knowledge in the Art of Gunnery is become more 

than 
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than ever ticceflary, and as Gentlemen eniploy'd in 
the Pradice of that Art are (I am fenfible) too 
often deterr'd from applying themfelvcs to the The- 
ory, by the Difficulties they imagine they fhallmeet 
with in the Conic Seftions^ you will, I hope, par* 
don the Liberty I have taken, in troubling you with 
my Thoughts on a Sub;ed, inj which little or no- 
thing new is to be expeded befides the Method. 

When I firft drew up this Paper (which was about 
two Tears ago) I did intend, had Health permitted 
me to make the proper Experiments, to have alfo 
attempted fomething with refped to the Refiftancc 
of the Atmofphere, whereof the EfFefts are indeed 
too confiderable to be intirely difregarded : But if 
the Amplitude of the Projedion, anfwering to one 
given Elevation, be firft determined by Experiment 
(which our Method fuppofes) the Amplitudes in all 
other Cafes, where the Elevations and Velocities do 
not very much differ from the firft, may be deter- 
mined, by the Proportions here laid down, to a fuf- 
licieut Degree of Exaftnefs: Bccaufc, in all fuch 
Cafes, the Effeds of the Refiftance will be nearly 
as the Amplitudes themfelvcs ;. and, were they accu- 
rately fo, the Proportions of the Amplitudes, at 
ciiflfcrent Elevations, would be exa£Hy the fame as. 
tn vacuo I which Proportions I now proceed to 
determine. 

Problem L 

Let two Balls be projected with the fame Celerity y 
at different^ but given Elevations^ 'tis propofed 
to determine the Ratio of the Times of their 

Flight, 
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Flighty of thmr greateft Altitudes^ md of their 
horizontal Amplitudes. 

Let Tq {Fig. I.) rcprcfcnt the Plane of the Ho- 
rizon, TEQ and pea the Paths of the Proicdilcs, 
defcribcd in the Fliglft; moreover let ^r and qpi 
be the given Angles of Elevation, and let y^and 
pq be bifcded in H and.^ 5 drawing HE^ ^fl he 
and qt, all perpendicular to Tqi and making the 
Sine of ^r=4y, its Co-flne =C, the Sine qpt=iS, 
its Co-finc =r, and Radius =:r. 

Therefore, fmce the Diftanccs defccnded by heavy 
Bodies (whether from a Point at Reft, or from the 
right Lines in which they would move, if notafted 
upon by Gravity) are known to be as the Squares of 
the Times, ^T will be to qt^ as the Square of the 
Time of defcribiog y£^ (or of that wherein the 
Ball would move uniformly over the Space TTmth 
its firft Velocity at 5P) is to the Square of the Time 
of defcribing peq (or of that wherein the other Bail 
would move uniformly thro' the Length//). But 
the Celerities at ? and / being equal, by Hypotbe- 
lis, the Times in which the faid Lines TT and pt 
would be uniformly defcribed, are manifeftly, as the 
Lines themfelvcs : Whence the Squares of thofc 
Lines miift, alfo, be as the Squares of the Times, 
and, confequently, as the Diftances defcended: that 

is, P/^7/^•:^^:?f. 
Now, by Plane Trigonometry T^=z ^ x PT ^^^ 

r 

tq=, 'JLPi i therefore TT^ '.pt^ ( : ; l^i^I: i2i£') ; ; S 

y.TT'.sxpi \P hence, by dividing the Antecedents 

T by 
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by 5Pr, ami rhc Confequents by ptf wc haVc TT . 
ptiiSisi from which it ap|5ears, that the Times of 
FJight are diredly as the Sines of Elevation. 

Again, the Times of defcribing; £^and ef {which 
are the Halves of the Wholes) being alfo to one an- 
other as S:s, and the Diftanccs EH, eh defcendcd 
in them, as the Squares of the Times, it likewifc 
follows, that S^\s^ I : EH. eh', or that the grcatcft 
Altitudes are as the Squares of the Sines of Eleva- 
tion. 

Moreover, becaufe (by Trigonometry) TTz=z 

^^^^ ^xiA pt = ^-^? ^^d it has been already proved, 
that, Sis II TTipt, it follows, that Sis 11 ^^^'^ 
^^^^j whence, by multiplying the Antecedents by 
^ and the Cbnfeqaents by ^, it will be !!£ : !l' 

r r r r 

{ : ; tT^ 2J>q)i iT^.p f . But ^ is known to be 

the Sine of double the Angle whofe Sine is 4^, and 
Co-fme C, &c. Therefore the horizontal Ampli- 
tudes are to one another, as the Sines of the double 
Elevations. 

Coroh I. 

Hence it follows, that the greateft Amplitude pof- 
ftble will be, when the Elevation is half a Right 
Angle, or 45 Degrees (becaufe the Sine of ^0"" is 
the greateft of all others). 
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COTol. 2. 

Therefore, if the greateft Amplitude be given 
(from Experiment) the Amplitude anfwering to any 
propofed Elevation, above, or below, 45 Degrees, 
may from hence be found: For it will be as the Ra- 
dius, to the Sine of double the given Elevation, fo is 
the greateft, to the required^ Amplitude. 

CoroU 3. 

Hence, alfo, the Altitude of the Projcdion may 
be known I for §^y when the Angle §TT\% half 
a Right Angle, will bezs^^, and therefore HE 
i^T^^iT§^ alfo, in this Cafe, J^ = irS 
whence our Proportion 4$"^ : s^ : : HE: he will here 
become ^ : 5^ ; : \^^ ^^' itQva whence it ap- 
pears, that, as the Square of the R.adius is to the Square 
of the Sine of any given Elevation, fo is half the 
greateft horizontal Amplitude, to the Altitude of 
the Projection, Hence it alfo follows, that the 
Height to which the Bali would afcend, if projeded 
diredly upwards, is juft half the greateft Ampli- 
tude, 

CoToL 4. 

Therefore, fincc it is well known, that a Body 
in vacuo afcepds and defcends with the fame Velo* 
city 5 and that the Diftanccs dcfcended are as the 
Squares of the Velocities 5 it follows, that the Am- 
plitudes, at the fame Elevation, with different Ve- 
locities, will alfo be to one another as the Squares 
of the Velocities i becaufe they are as the greateft 
Amplitudes, with the fame Velocities (by Corol. 2,) 

% and 
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and thefe are as the piftances perpendicularly de- 
fccnded {by the precedent).. Whence, univeffallj, 
if both the Elevations and the Velocities differ, the 
Amplitudes will be to each other in a Ratio com- 
pounded of the Ratios of the Sines of double the 
Angles of Elevation, and of the duplicate Ratios 
of the Velocities, or impelling Forces. 

Trohlem II. 

The Angle of Elevation^ andthe zteateft horizontal 
Amplitude:, being given, tojindat what 1>i/lance 
the Viece ought to be planted-, to hit an ObjeBt 
tsohofe 'Dijiance^ above or below the 'Plane of the 
Horizon, is alfo given- 

Let AB {Fig. 2 and 3.) be the Plane oTthc Ho- 
rizon, BC the perpendicular Height or Deprcffion 
oftheObjea:, and AB the required Diftance: Alfo 
let BC be produced to meet the Line of Diredlion 
AT> in ©, and let T be the Place where the Path 
of the ProjeaUe would meet the Horizon 5 more- 
over, let y^be perpendicular to AT, and CM 
parallel to AT>. Then, by the preceding Problem, 
it will be as Radius: the Sine of zBA'D:: the 
given (or grcateft) Amplitude ; AP j which there- 
fore, is known. 

Moreover, the Areas of fimilar Triangles being 
as the Squares of their homologous Sides, we have 
APxP^^ByMT> : :A^ : AT>^. But A§^.AD^: : 
ABy.BT>'.:§P'.'DC (from Principles already ex- 
plained) therefore, by Equality, AP^iiP^ABy. 
BD I : ^P ' 'DC i ' and confequently AP '■ AB: : 
B^D'.C^', but (becaufe of the parallel Lines 
CiNT and A^D) B\D . C'D -r, AB . AN i whence, 

again 



again by Equality, AT : AB: : AB.AMi therefore, 
by Divifion, AT \ B9::AB'.BN i and, confe- 
Tjucntly ATxBN = BT X AB. 

Let AT be now bifefted in O; then BTxAB 
being zzzAO^^OB^ (in the firft Cafe) and =Ofi^ 
'^AO^ (in the fccond Cafe), we fliail therefore 

<B»i^^«aMMgM»iMWWWawiWlMi'<llwii"WWl* « 'Nail ■ 

have 0B^=:J(r+JTxBN=J0yi^0+2BN: 
whence the Diftance ji£ is likcwifc known. ^E.L 

CoroUary. 

Hence, if the Elevation, and the greateft Ampli- 
tude, together with the Diftance AB of the Object 
be given, the Height or Deprcflion of the Ball in 
the Perpendicular BCT> will be known : For it is 
proved, that AT:BT::BA:BN ; whence BN is 
known : But, as the Radius rathe Tangent of 5iVC 
{BAD) : fo is BR to BC. 

Troblem III. 

The greateft horizontal Amplitudes of the Tiece^ 
together with the T)iflance and Height {or T^e- 
pejjion) of the Object being given, to find the 
DireBion or Angle of Elevation* 

Let BC {Fig* 4 and f.) be the perpendicular 
Height or Depreflion of the Objeft, AB its given 
horizontal Diftance, and AH the required Direftion; 
Alfo let T^ {Fig. 6.) be the greateft Amplitude 
(anfwering to 45 "" of Elevation) 5 draw AC, in which 
produced (if need be) take^G=y^5 make M?0 per- 
pendicular to AG, meeting AB produced (if need be) 
in O J and from the Centre O, with the Interval OA^ 

let 
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let a Circle be dcfcribed, interfediiig AGy produced 
in Ey and the Line of Direction AT) in Hi join 
E, H, and let HI, AM and ^R, be perpendicular 
to AE, AO, and f^^^ refpcdively, and let BC, pro- 
duced, meet AH in T). 

It will appear, from what has been faid above, 
that AT)^ : TR^ : ; "DC: R§j therefore TR^ bcins 
z^zT§^ = iAG^-\AE^ and R^=TM^='I^E 
(by Conftruction), we hz\cAD^:-^^AE: i^DCiiAE, 
and therefore A'D^'^AExT^C. 

Now, the Triangles AT)C, AEH, bcins; equian- 
gular (becaufe A'DC^'DAN—AEH, ^l<i'DAC 
common to both) we likewife have AT):T)C:: 
AE : EH, and confcquently AE x 'T^C:=ADyMH 
z=zAT>^ [per above) ^ whence EH^=^AT). There- 
fore, as the Triangles ADB and EHI are equian- 
gular, they are equal in all refpeds $ and fa HI:=AB: 
Whence follows this cafy 

ConfiniBion. , 

Having defcribcd the Circle AEF, as above di- 
rected, and drawn MG perpendicular to AE, take 
G^ equal to AB, and thro'^, parallel to AE, draw 
Hhy cutting the Circle in H and h 5 join A, H, 
and A^ h 5 then either of the Diredions AH ox Ah, 
will anfwer the Conditions of the Problem. From 
this Conftruftion we have the followinij Calculatioi% 

VIZ. 

As AB is to BC, fo is AG to OG, which added 
to, or fubtraaed from, Gn {AH) gives On: Then, 
it will be, as AG :0n:: the Co-fmc of OAG : Co- 
Jfine of HOn {^=zHAh) the Difference of the two 

required 
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required Elevations 5 whence the Elevations them* 
felvcs are known. Q. E, L 

CqtoL I . 

Hence, if the Elevation of the Piece, with the Di- 
ftance and the Height ^or Dcprefilon) of the Object 
be given, the 2reatcft horizontal Amplitude mav be 
found : For it Vvill be AB\BC : : Radius : Tan?, of 
BAC ', whence CAT^ is alfo known. 

Then, S, CAT> : S.AC'D [ARE] : :A\D (HE): 
AE, 

And, S.AT>C:Kzdm^::AB:A'D. 

Therefore, bv compounding thefe Proportions, 
we have S. CAT> x S AT>C : Radius xS. ACD : : 
ABiAEs which is equal to twice the required 

Amplitude, by Conftruction. 

CoToU 2. 

Moreover, if the Elevation, and the greateft ho- 
rizontal x\mp!itude be given, the AmpUrude of the 
Projection on any afccnding or defccnding Plane AEy 
Vv^hofe Inclination FAE is alfo eiven, may from 
hence be derived. For, S. ARE. \ACD) : S:EAH 
[CA\D) : : AE {iT^ : EH [AT>) and J. ACT> : 
S. A\DC : :ATJ:AC\ whence, bv compounding the 
two Proportions, Scf. S^ AOJ) '/s\CAT>y.S.AT>C 
T^ACy from which AC is known. 






CoroL 3. 

Since it appears, that the Triangles ATiB and 
EHl are equal and alike in all rcfpefts, and, there- 
fore, the horizontal Diftance AB^ univerfally, equal 
to the Perpendicular HI^ it is manifeft, that, when 

Hi 
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mis the gfeatcft poflible, JB will alfo be thcgrcatcft 
poilibles in which Circumftaiice^C(ifthe Angle F^E 
be given) will likewife be the greatcft poflible : And 
thisrit is evident, niuft be, when i^J coincides with 
MG, or when the Angles HEA and HAE are 
equal (as m Fig. 7 and 8)5 at which time the Point 
jD coincides with H^ becaufe JID and EH are 
always equal to each other. Therefore, Jfince, in 
this Cafe, HJE {HE J) is~NAH, it follows, 
that the Amplitude, on any inclined Plane AE^ wi]i 
be the greateft poflible, when the Line of Dircftion 
AH bifccts the Angle made by the Plane and 
Zenith. 

Carol. 4 

Hence the greateft Amplitude on any inclined 
Plane may alio be known 5 for the right-angled 
Triangles AOG and HOB, having AO = HO^znd 
the Angle O common, are equal in all refpecls 5 and 
therefore, as Tang, of AHG {BAH the Angle of 
Elevation): Tang, of CHG {CAB the Plane's In- 
clination) :;^G:GCi whence ^C=-/fG=iFGC is 
alfo known* 

Corol 5 • 

Hence, alfo, if the greateft Amplitude on an in- 
clined Plane be given, the greateft horizontal Ampli- 
tude may be determined : For, Radius : S. BAC : : 
AC :BC=zCG^ the Difference of the given, and 
the required, Amplitudes. 

Coi'oL 6* 

But if, inftead of the Plane's Inclination, the per- 
pendicular Height, or Depreflion, of the Ob j eft be 
given J then, AC {AG-fBC) being to BC, as Radius 

tn 



n 
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to the Sine of BAC, and Radius : Cotang. BAl 
: : BCiAB 5 the grcatcil: Diftance AB, at which the 
Bali can poHibly hit the Objcd, will from heace be 
given: which D.ftance (bccaufc ACznAG^lBC, and 

AB^=ACTCB X AC^BC) will alfo be exprefled 
'^y ^JGxAU^2BG Hence the greatcft horizon- 
tal Amp'.itudc of a Ball, projecled from a given 
Hci"ht above the Plane of the Horizon is known: 
For^iT (F/^. 8.) may here be i^jppofcd to rcprcfcnt 
the P,anc of the Horizon, and SA the given Height ; 
and then Sq being equal to JB, is given from 

above m ^ AGaAGA-zBC. 

Carol. 7. 
But, if the horizontal Diftance AB be given, and 
it be 'required to find the grcateft Height the Bali 
canpoiilb;v reach in the Perpendicular ^C© j we 
p-,all have HG ' AB) : AG : : Radius : Tang, of the^EIe- 
vanon (BAH or AHG) ; and Radius : Tang. BAL 
[zBAH'-^^ i)o'') : : AB : BC; which therefor e is know n. 
But fbccauie AC±BC ~ AG, and AC -\ CB X 
AC—CB - AB"-) the fame will alfo be truly exhi- 
^. ,. AG^'-^AB\ 

Corol. 8. 
Laft'lv, let the Height, or Dcpreffion, of the Objed 
be given, together With its Diftance AB, to deter- 
mine the Da-caion, and the leaft Impettts pofTible, 
to hit the Object: Then AB'.BC: -.Radius: Tang. 
B/iC'. whence the Elevation BAH is known : And 
as Radius : Tarn. AHG (BAH) : : MG {AB) : AG ; 
whence the Impetus is aTo^known. ^^^^ 
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